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Abstract
The coloration of forest insects changes as their population density increases or decreases. Using the geostatistical
method allowed us to determine the population dynamics' phase of the pine looper from images of insects' wings. The
color and pattern of the insects’ wings can be successfully used as diagnostic features in determining the phase of the
population dynamics.
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1. Introduction
The pine looper is a phyllophagous species that lives in the pine forests of Eurasia and North America.
In the forest-steppe zones of Siberia and northern Kazakhstan its dangerous outbreaks occur every
decade [1]. The traditional, expensive and time-consuming way of forecasting these outbreaks is to
monitor its population density, but it is possible to observe changes in some insects’ coloration which
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make it easier to detect a developing outbreak. The study’s aim was to quantify images of pine looper
wings to identify the different phases of population dynamics.
2. Materials and methods
For the analysis, 62 pine looper moths from the inter-outbreak period and 148 moths from the
outbreak’s peak phase were gathered in southern Siberia and northern Kazakhstan. Images of the right top
wings (Fig. 1) of all insects in the same orientation were recorded in RGB mode, about 60000 pixels for
every image. The darkness of the shading gradually increases from the wings’ base to its outer edge, and
two slightly lighter patches, without clear boundaries, occupy approximately half of the wing area. The
wings of the two populations could not be visually differentiated. The sample design was 1000 randomly
chosen pixels of the wing image. The spatial variation of the different intensities of red on the wing area
was studied, using geostatistical methods [2]. The R Programming Environment [3] and the geoR
package [4] were used to make the calculations.
Fig. 1. Some wing images: (A) female, the outbreak phase; (B) female, the low density phase; (C) male, the outbreak phase; (D)
male, the low density phase
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3. Results and discussion
The parameters for the 1st order trend surface of the intensity of red on the wing area were fitted, the
parameters of the spherical variogram and sample variograms for residuals were calculated.. To classify
wings into “belonging to the outbreak phase” or “belonging to the low density phase”, discriminant
analysis, using two sets of variables, was performed. In the first version, the independent variables were
the three estimated parameters of the trend surface as a linear function of the coordinates, the three
estimated parameters of the fitted spherical variogram, and the sample variance. In the second version, the
independent variables were the ten values of the sample variogram, the three parameters of the trend and
the sample variance.
The total percentages of correctly classified observations were, in the first version, 91% for females
and 85% for males; in the second 95% for females and 92% for males (Table 1). The error rate in
classifying insects into males or females was less than 4%. Neither the trend nor the variogram can
independently give such exact classification.
The analysis showed that the color and pattern of the insects’ wings can be successfully used as
diagnostic features in determining the phase of the population dynamics.
Table 1. Classification matrix for the pine looper moths (the number of correctly classified cases and errors). Class for every moth
is defined according to belonging the population to the outbreak or to the low density phase. First set of independent variables
includes the sample variance, the trend and theoretical variogram parameters. Second set of independent variables includes the ten
values of the sample variogram, the parameters of the trend and the sample variance.
First set of independent variables Second set of independen variablesObserved class,
gender
low density predicted outbreak predicted low density predicted outbreak predicted
Low density,
female
28 5 29 4
Outbreak,
female
5 79 2 82
Low density,
male
21 10 26 5
Outbreak, male 4 60 3 61
Acknowledgements
The research was supported by the Russian Foundation for Basic Research, project no. 08-04-00217.
The authors are grateful to Anne Pitt (Krasnoyarsk Sceintific Centre SB RAS) for her useful comments
and language revision.
O.P. Sekretenko et al. / Procedia Environmental Sciences 7 (2011) 230–233 233
References
[1] Isaev AS, Khlebopros RG, Kiselev VV, Kondakov YuP, Nedoresov LV, Soukhovolsky VG. Forest insect population dynamics.
Euroasian Entomological Journal 2009;8(Suppl. 2):3–115.
[2] Diggle PJ, Ribeiro Jr PJ. Model-based geostatistics. New York: Springer; 2007.
[3] R Development Core Team R: A language and environment for statistical computing. Version 2.11.0. Vienna, Austria. 2011.
ISBN 3–900051–07–0.
[4] Ribeiro Jr PJ, Diggle PJ. GeoR: A package for geostatistical analysis. R-NEWS 2001;1(2):15–18.
